Senescence accelerated mice (SAM-P8), which have been established as a model of early senescence, were used for analyses of glutamate decarboxylase 67kDa isoform (GAD67) and extracellular regulated kinase-2 (ERK-2) which were altered by aging. The mice was characterized by neurological abnormal signs such as loss of memory, disorientation and weak response to stimuli, which appeared from 8 to 10 weeks-old. Those neurological disorders might be associated with changes in functions of brain proteins and enzymes regulating metabolic conversion of neurotransmitters and signal transduction.
INTRODUCTION
Studies of age-related changes in protein composition of mouse brain have taken many approaches.1-4) Recent studies have focused on neuronal cells and central nervous system whose functions are disordered by aging which leads to the onset of dementia. The molecular mechanisms of the disorder of neurological function have been extensively investigated, but still to be clarified. One of the characteristics of aging of neuronal cells and brain is the intra-and extra-cellular accumulation of altered proteins which are posttranslationally modified to form disfunctioned protein aggregates such as senile plaques of Alzheimer's disease and amyloid proteins in brain vessel walls in which the degradation of such proteins may be impaired.5-7) To investigate the alterations of brain proteins by aging, the animal model for aging studies has been established as senescence accelerated mice (SAM-P8) which have been inbred8,9) and characterized by neuronal disorder such as loss of memory, disorientation and decreases in stress adaptation10,11) which appear at age of 8 to 10 weeks much earlier than in normal senescence mice (SAM-R1).
A stimulatory neurotransmitter, L-glutamate is con-glutamate decarboxylase (GAD) which has isoforms of 65kDa (GAD65) and 67kDa (GAD67).12) Those isoforms are encoded by two independent genes, 13, 14) and the rate of conversion of glutamate into GABA may be a critical factor for physiological behavior and response to neuronal stress.14) Recently it was reported that mice lacking GAD65 maintained normal levels of GAD67 and GABA but are susceptible to seizure.15) On the other hand, mice lacking GAD67 decreased the level of GABA and died of severe cleft palate during the first morning after birth. 16) It has been reported that the activation of mitogenactivated protein kinase (MAPK) is involved in cellular response to external signals such as hormonal stimuli with insulin17) and estrogen,18) neuronal stimuli,19) and other physiological stress.20) Behavioral studies have implicated the hippocampus in the formation and storage of spatial memory. More recently it was reported that MAPK, also called extracellular regulated kinases (ERK) was activated in the dorsal, but not the ventral hippocampus of rats after training in a spatial memory task. 19 The density of protein bands in the gel, which were stained with CBBR, was determined by a densitometer (Jookoo PAN-805, Tokyo) using a filter of 570nm, and the density of immunoreactive bands on the PVDF membrane, which was translucent by immersing in silicon oil (Toray SH 2000, Tokyo), was determined by the densitometer at 570nm. The density of stained band was expressed in arbitrary unit of peak area of the band.
RESULTS AND DISCUSSION
As shown in Fig. 1, brain proteins of SAM-P8 and SAM-R1 were clearly separated by SDS-PAGE into more than 20 bands which were numbered as band-1 to -21 from the bottom of gel and band-22 at the top of gel.
In both groups of female and male mice the relative mobility of the main protein bands was not changed by aging. The mass of some proteins was seemed to be varied although the protein amount of samples was fixed was also varied among samples. This may be due to the differences in the mass of proteins and peptides having molecular weights smaller than 20kDa which could not be separated using 10% polyacrylamide gels for SDS-PAGE. In the case of male mice the protein bands ubiquitinated proteins are accumulated in brains of aged mice.5) The accumulation of ubiquitinated proteins in brains of male mice of SAM-P8 could not be evidenced by immunoblotting which was combined with highly sensitive detection system of enhanced chemiluminescence (ECL) assay (data not shown).
GAD67, which is an isoform of glutamate decarboxylase converting glutamate into GABA, plays important roles not only for the metabolic regulation of the neurotransmitters, but also the loss of the enzymic function leads to seizure and early death in mice. The mass of GAD67 immunoreacting with anti-GAD67 antisera was increased in brains of male mice of SAM-R1 and kept the high level until 6 months-old (Fig. 2) . On the other hand, the mass of GAD67 in male mice of SAM-P8 was much lower and gradually increased by aging up to 12 weeks-old and kept the level until 6 months-old (p< 0.05) at which the level was a half of male mice of SAM-R1 (Fig. 3) . In the case of female mice the level of GAD67 in SAM-P8 was not different from the level in SAM-R1 significantly. It has been reported that mRNA levels of GAD67 in rat brain are modulated by estrogen.26) Ovariectomized rats, which are treated with estradiol, significantly increase the levels of mRNA of GAD65 but decrease the level of mRNA of GAD67. In the dorsal medial nucleus of the hypothalamus, the rats decrease GAD65-mRNA but increase GAD67-mRNA. In the midbrain central gray, there is a significant increase in the number of cells which could be labeled for mRNAs of both GAD65 and GAD67. These indicate that the decrease of GAD67 protein in male mice of SAM-P8, which is associated with the appearance of neurological abnormal signs from 8 weeks-old, may be one of factors for the cause of neuronal disorder in the mice. ERK-2, which is an isoform of mitogen-activated protein kinase, which is activated for stress response17) and one of major substrates for stresses to nerve cells. 19, 20) The mass of ERK-2 immunoreacting with rabbit anti-ERK-2 antisera was increased in male mice of SAM-R1 at age of 8 weeks-old and then decreased gradually to the level of 6 months-old which was lower than the level of 4 weeks-old (Fig. 4) . On the other hand, the mass of ERK-2 in male mice of SAM-P8 at age of 4 weeks-old was a half of the male mice of SAM-R1 but gradually increased to the level of 12 weeks-old (Fig.  5 ). In the case of female mice of SAM-P8 the level of ERK-2 was kept at the comparable level of SAM-R1 until 6 months-old. The decrease of ERK-2 in male mice of SAM-P8 was associated with the appearance of the neurological abnormal signs as in the case of GAD67. But ERK-2 level was increased to the level of SAM-R1 at age of 6 months-old. These findings suggest that the decrease in enzymes of GAD67 and ERK-2 is involved in the early onset of neuronal disorder of SAM-P8 male mice at ages from 8 weeks-old to 12 weeks-old.
It is conclusive that the decrease of GAD67 and ERK-2 is associated with the early onset of neuronal disorder in male mice of SAM-P8 but not in female mice. Further examination will be necessary to clarify the mechanism of impairment of gene expression of those enzymes in SAM-P8 which is associated with neuronal aging, the localization of those enzymes in aged mice, and dietary effects on aging27) to understand the senescence. The accumulation of database of murine brain proteins by two-dimensional gel electrophoresis28) will be urgent task for understanding the molecular mechanism of aging of brain.
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